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Previewsthis molecular circuit is sensed and
perceived by different tissues and cell
types remains unclear but will be vital to
our understanding of tissue dynamics.
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A crucial step in cereal grass domestication is acquisition of seed retention in the inflorescence/seed head for
efficient harvesting. Reporting in Nature Genetics, Ishii and colleagues (2013) show that a change in inflores-
cence architecture is sufficient to increase seed retention, providing an alternative pathway toward cereal
grass domestication.Domestication is of great interest to agri-
cultural researchers and evolutionary biol-
ogists alike. In the cereal grasses, it has
long been recognized that a crucial step
in domestication is to retain seed in the
inflorescence (seed head) to enable effi-
cient harvesting. The evolution of non-
shattering seed heads is thus one of the
key markers for domestication in cereal
grasses. It is a defining difference
between domesticated crops and their
wild ancestors now, and it is a sure sign
of domestication when it occurs in the
archaeological record. A nonshattering
seed head is thought of as a preeminent
domestication trait not only because the
retention of seeds makes for easier
human harvesting but also because reten-
tion is maladaptive for wild grasses that
need to disperse their seeds easily and
widely. Much work has been done on
the genetic architecture of shattering,
which ranges from a single major effect
locus in sorghum to three or four loci in
rice (Zhang et al. 2009; Lin et al. 2012;
Zhou et al. 2012). An obvious mechanism
to stop shattering is to modify or eliminatethe abscission layer between seed and
stalk that allows seed dispersal, and
several genes have been identified that
control this change. However, Ishii and
colleagues (2013) now report in Nature
Genetics that even without modification
of the abscission zone, changing the
inflorescence (seed head) architecture
can significantly increase seed retention
and reduce outbreeding.
A full understanding of domestication
has not yet been achieved, although
recent archaeological findings and
modeling approaches suggest that it is a
protracted process, with the nonshatter-
ing phenotype taking two to three thou-
sand years to become widespread in
wheat and in rice (Purugganan and Fuller,
2010). Interestingly, a prediction made by
Andy Paterson in 1995—that the same
genes would underlie the shattering
phenotype in all grasses—has been at
least somewhat validated by recent inves-
tigations of the SH1 gene in sorghum
(Paterson et al. 1995; Lin et al. 2012).
This gene has been shown to be ortholo-
gous with one under selection in rice andcolocalizes with quantitative trait loci for
shattering in foxtail millet and maize.
However, the major genes controlling
shattering in rice—sh4 and qSH1—do
not appear to be involved in the control
of shattering in other cereal domestica-
tions (Konishi et al. 2006; Li et al. 2006).
Intriguingly, neither of the mutations in
the major-effect shattering loci that
nowadays differentiate wild rice from
domesticated are sufficient by them-
selves to produce the nonshattering
phenotype in wild rice (Ishikawa et al.
2010). This implies that single gene
changes in the wild ancestor may not
have had immediate phenotypic effects
until the overall genetic framework was
sufficiently modified by other mutations.
Under this scenario, other mechanisms
to enhance seed retention would also
have been selected upon, as shown by
Ishii and colleagues (2013), who propose
an alternative mechanism to enhance
seed retention involving changes to the
architecture of the inflorescence.
In Oryza rufipogon, the wild progenitor
of domesticated rice (O. sativa), the seed
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Previewshead, or panicle, is open, with side
branches held out at an angle from the
main stem. Like most wild grasses with
spreading panicle branches, the panicle
branches of O. rufipogon bear a bump of
tissue called a pulvinus at the bottom of
each branch, but this is missing in
O. sativa. The absence of the pulvinus
allows the branches in O. sativa to lie
close and parallel to the main stem. One
of the consequences of the change from
a spreading to a closed panicle in the
wild species is to allow the awns of lower
florets, which are now closely aligned with
the main axis of the inflorescence, to
retard the dropping of seeds in the upper
portions of the inflorescence by acting
more or less as a net to catch them. In
field trials, Ishii and colleagues (2013)
found that this resulted in an approxi-
mately 10% gain in number of seeds
recovered at maturity over a typical wild
spreading inflorescence type and an
extended period in which seeds were
retained in the seed head.
Ishii and colleagues (2013) discovered
that a mutation in a single locus, the
SPR3 locus on chromosome 4, converts
the open-panicle architecture of the wild
species to the closed panicle of domesti-
cated rice by eliminating the pulvinus at
the base of the panicle branches. A small
9.3 kb genome region around the SPR3
locus introgressed from domesticated
rice into wild rice was sufficient to convert
the panicle from open to closed. Just
outside this region is a likely candidate
gene, the rice ortholog of the maize
liguless1 gene, OsLG1, which encodes a
SQUAMOUS promoter-binding protein
and controls laminar joint and ligule devel-
opment. This gene has been shown to be
responsible for similar changes in thearchitecture of the tassel (male) inflores-
cence of maize (Bai et al. 2012). However,
Ishii and colleagues (2013) showed that
introducing just the wild-type OsLG1 re-
gion did not affect the closed panicles of
domesticated rice, whereas introduction
of the wild-type upstream 9.3 kb section
plus the OsLG1 locus converted the inflo-
rescence to an open panicle. This showed
that the regulatory upstream region was
the SPR3 locus, rather than OsLG1 itself.
The causal polymorphism was not identi-
fied, although a comparison of 12 acces-
sions of O. rufipogon and 31 O. sativa
landraces identified several fixed poly-
morphic sites that colocalized with
transcription factor binding sites. There
was also a 20-fold reduction in genetic
variation at the SPR3 locus, suggesting
strong selection pressure during rice
domestication.
Another consequence of the change in
inflorescence architecture is alteration of
the boundary layer conditions around
the stigmas and anthers, thus significantly
hindering the access of the stigmas to
pollen from other plants. Outcrossing
rates in the wild species with the domesti-
cated SPR3 allele (and therefore closed
inflorescences) were only on the order of
2%–3%, as opposed to over 10% for
normal wild-type plants with open inflo-
rescences. An increase in inbreeding
would have allowed plants to be bred
more easily true to type, thus making arti-
ficial crossing and further improvements
easier and more effective.
Interestingly, wild rice with introgressed
segments containing either of the domes-
ticated alleles of the genes for shattering,
sh4 and qSH1, retained less seed than
plants with the domesticated SPR3 intro-
gression and only slightly more than thatDevelopmental Celof wild rice. The authors did not try the
next step of combining domesticated
alleles for shattering with those for the
closed panicle, but it is tempting to think
that concatenation of favorable alleles
drove domestication by changes in
both inflorescence architecture and seed
retention. The present study (Ishii et al.,
2013) suggests that selection for multiple
traits may have played a significant role
in attaining the desired phenotype of
seed retention for easier harvesting.
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